R
otavirus causes an estimated 453,000 deaths and 2 million hospitalizations annually worldwide, 1,2 accounting for 30% to 50% of diarrheal hospitalizations in children <5 years. [3] [4] [5] [6] In children <5 years, diarrhea accounts for approximately 11% of deaths in South Africa, 5, 7, 8 and among children <2 years, rotavirus infection is estimated to cause 17,644 to 25,630 hospitalizations annually. 9 A randomized, placebo-controlled trial, evaluating a 2-dose versus 3-dose schedule, demonstrated that 2 doses of monovalent rotavirus vaccine administered at ages 10 and 14 weeks with oral polio vaccine was 72% efficacious (95% confidence interval: 40-88) in preventing severe rotavirus gastroenteritis in South African infants aged <1 year. 10, 11 Monovalent rotavirus vaccine was introduced into the South African Expanded Program on Immunization in August 2009 administered at 6 weeks (with oral polio vaccine) and 14 weeks of age. The decision to immunize at 6 weeks rather than 10 weeks of age (as was evaluated in the efficacy trial) 10 was premised on enabling earlier exposure to rotavirus vaccine and maximizing the opportunity of vaccinating at the earliest Expanded Program on Immunization visit. There are few published data evaluating the effectiveness or efficacy of the vaccine schedule used in South Africa, or the impact of rotavirus vaccine following introduction in African countries. 10, 12, 13 We describe trends in rotavirus hospitalizations at 3 hospitals during the 2 years (2010 and 2011) after introduction of rotavirus vaccine in South Africa in 2009.
MATERIALS AND METHODS

Rotavirus Sentinel Surveillance
A prospective hospital-based surveillance system for diarrhea was established in April 2009 at 3 sentinel sites (Fig., Supplemental Digital Content 1, http://links.lww.com/INF/B679). These included 2 hospitals in Gauteng Province: Chris Hani Baragwanath Hospital (CHBH), a large tertiary referral hospital (2625 beds) in urban Soweto, and Dr. George Mukhari hospital (DGMH) (1500 beds), 37 km North of Pretoria, serving a periurban population; and Matikwana and Mapulaneng (M/M) hospitals, a regional referral (250 beds) and a district level hospital (180 beds) in rural Bushbuckridge district, Mpumalanga Province, 402 km east of Johannesburg. All hospitals have both inpatient and outpatient facilities.
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In South Africa, children with diarrhea generally present to public clinics where care is provided free of charge and free hospital referral is based on healthcare worker assessment. Treatment of diarrhea focuses on rehydration and follows standard Integrated-Management-Childhood-Illness guidelines. The decision for admission to and discharge from hospital is made by the attending physician.
Children aged <5 years, hospitalized for acute diarrhea (defined as <7 days duration at the time of hospital admission, with ≥3 loose stools in a 24-hour period), were screened for enrolment during working hours, Monday through Friday. We collected clinical and demographic data and a stool sample within 48 hours of hospitalization from consenting patients. The monthly number of diarrhea hospitalizations among children aged <5 years (the age group available) was obtained from hospital registers.
Testing of stool samples was performed at the National 
Rotavirus Vaccine Uptake
South Africa introduced oral monovalent rotavirus vaccine (Rotarix, GlaxoSmithKline Biologicals, Rixensart, Belgium) in August 2009. Monthly numbers of first and second rotavirus vaccine doses administered were obtained from the relevant subdistricts and the annual birth cohort from the national department of health information system. We estimated the coverage among children aged <1 year from each surveillance site's catchment area on April 1, 2010 and 2011, by counting the number of doses administered (from vaccine introduction through March 2010 and April 2010, through March 2011, respectively) and dividing by the annual birth cohort. Assuming the vaccine was available from August 1, 2009 , and given at ages 6 weeks and 14 weeks without catch-up, the earliest cohort of children that may have received rotavirus vaccine at age 6 weeks were those born in mid-June 2009. These children would have been aged 9. 
Data Analysis
The total number of diarrhea hospitalizations and adjusted number of rotavirus and nonrotavirus diarrhea hospitalizations from May through December 2010 and 2011 were compared with those from May through December 2009 by age group and surveillance site. Although there was no known systematic change in surveillance practices, the proportion of total diarrhea hospitalizations enrolled in surveillance varied by year at the sites. Therefore, we did not estimate reductions based only on enrolled children. To estimate the total number of rotavirus hospitalizations for each calendar month, we used the number of rotavirus hospitalizations enrolled in the surveillance system and adjusted this by adding the additional number expected if all eligible children hospitalized for diarrhea had been enrolled that month. For each month, the additional number expected in each age group was obtained by using the information from those enrolled (age distribution, percentage positive in each age group) and applying these to the number not enrolled. The adjusted number of nonrotavirus (rotavirus negative) diarrheal hospitalizations was the total diarrheal hospitalizations minus the adjusted number of rotavirus hospitalizations. The proportion of children tested that were rotavirus positive in 2010 and 2011 was compared with that for 2009, and the proportion of enrolled rotavirus-positive and rotavirus-negative children in each age group was compared over time using a χ 2 test. Before rotavirus vaccine introduction, the rotavirus season in Gauteng generally started in April and peaked in May/June with a second small peak around September. 15 To analyze the timing of the rotavirus season, data were included from the start of the surveillance ( April 15, 2009 , at the earliest site) through December 31, 2011. For each year, the start of the rotavirus season was defined as the first of 2 consecutive weeks during which the detection ratio for rotavirus was ≥20% among enrolled children at all sites combined and the end of the season as the first week that was followed by 2 consecutive weeks with a detection rate of <20% (based on annual median rotavirus detection ratios between 14% and 21% found at DGMH during 2005 to 2009). 6 
RESULTS
Vaccine Coverage and Surveillance Enrolment
Estimated rotavirus vaccine coverage among infants increased between 2010 and 2011 (Table 1) An estimated 85% (4027/4725) of all screened diarrheal admissions were eligible for enrolment, and 70% (2821/4027) of eligible patients were enrolled. The main reasons for nonenrolment were the parent being unavailable or refusal to give consent for their child to take part in surveillance and have their stool tested for rotavirus. Adequate stool specimens were collected from 93% (2632/2821) of children enrolled. Of these, 48% (1266/2632) were 
Trends in Rotavirus and Total Diarrheal Hospitalizations
The total number of diarrheal hospitalizations among children aged <5 years was 32% lower during (Table 2) .
When examined by site, for children <5 years and infants, the reductions were generally of similar magnitude at Matikwana/ Mapulaneng (M/M) (rural) and CHBH (urban), for total diarrhea hospitalizations, and rotavirus and rotavirus-negative hospitalizations. MM, however, had less reduction in rotavirus-negative hospitalizations among infants in 2011 compared with CHBH (Table, Supplemental Digital Content 2, http://links.lww.com/INF/B678). At DGMH (periurban) in 2010, the reductions in rotavirus hospitalizations in age groups <5-and <1-year old was similar to the other sites in 2010 but less in 2011, and there was no reduction or a modest increase in rotavirus-negative hospitalizations. At each site, the proportion of infants tested that were rotavirus positive was lower in 2010 and 2011 compared with 2009.
Age Distribution of Enrolled Children by Rotavirus Test Results
From April 2009 through December 2011, the proportion of enrolled children testing rotavirus positive aged 2-11 months decreased from 73% to 55% whereas the proportion aged 12-23 months increased from 20% to 34%. No change occurred in the age distribution of the enrolled children testing negative for rotavirus from 2009 to 2011 ( 
Timing of the Rotavirus Season
In 2009, rotavirus cases were detected from the start of the surveillance (ie, calendar week 16; detection rate 33%) and the season lasted until calendar week 40 ( Fig. 1 and 
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DISCUSSION
To our knowledge, this is the first multisite evaluation in a programmatic setting, of the impact of rotavirus vaccination in an African country. Our results indicate that introduction of rotavirus vaccine into the national immunization program in late 2009 was associated with a one-third reduction in total diarrhea hospitalizations in children <5 years during May-December of 2010 and 2011, compared with 2009. In this age group, we estimated a 54% and 58% reduction in rotavirus hospitalizations in May-December 2010 and 2011, which was 40 and 44 percentage points, respectively, greater than the reduction in rotavirus-negative hospitalizations. Among infants, the 61% and 69% reduction in rotavirus hospitalizations were 45 and 50 percentage points above the rotavirus-negative reduction. Importantly, the reductions in rotavirus hospitalizations among infants were found at each site, encompassing both rural and urban areas. Administrative data suggested 2-dose coverage among infants of 40-45% and 56-78% at the start of the 2010 and 2011 rotavirus seasons, respectively.
Although reductions in rotavirus hospitalizations among infants after vaccine introduction have been estimated in various ways, several countries in Latin America and Europe, United States and Australia have demonstrated notable reductions (~50%-90%) among infants in the first year after moderate or high vaccine uptake, [16] [17] [18] [19] [20] [21] approximating or exceeding that expected based on efficacy results from clinical trials. Some evaluations excluded the first postintroduction season with lower coverage, while we included that first season. Our reductions in South African infants also approximate that based on the clinical trial efficacy and overall coverage estimates. Annual reductions in overall diarrhea-associated hospitalizations among children eligible to receive the vaccines have been observed in the other regions, 16, 18, [20] [21] [22] [23] [24] [25] as we also demonstrated. 16, 18, [22] [23] [24] [25] [26] [27] [28] [29] Reductions in deaths from diarrhea in children <5 years after vaccine introduction have been demonstrated in Brazil and Mexico. 23, 27, 30 Our data support a substantial reduction in burden among infants shortly after vaccine introduction, however, the data among children 12-23 months are more variable and based on smaller numbers. By date of birth, none of the children aged 12-23 months at the start of the first postvaccine season would have been eligible to have received rotavirus vaccine in early infancy, so disease reduction from direct protection was not expected. The site-specific data available among this age group did not provide clear evidence for an indirect effect, and there were too few rotavirus hospitalizations among older children at baseline to assess any change. An indirect effect among unvaccinated older age groups, because of infant rotavirus vaccination possibly interrupting transmission of rotavirus in the community, has been proposed in some Latin American 19, 24 and high-income countries (Belgium, Australia and the United States). Compared with 2009, the 2011 rotavirus hospitalizations among 12-to 23-month age group decreased at 2 sites (and of a magnitude greater than that observed for rotavirus-negative reduction at the largest site), but increased at 1 site and consequently did not inform on the sustainability of vaccine-induced immunity. This is pertinent, as data from a subset of children in the 2-dose arm of the clinical trial in South Africa followed through their second rotavirus season suggested waning of protection. 12 The efficacy against severe rotavirus disease through the second follow-up season was 32% (95% confidence interval: −71-75) (mean age at end of followup 13.8 months), 12 whereas the efficacy in the South African infants in the full 2-dose cohort was 72% (95% confidence interval: 40-88). 10 Lower effectiveness in the second year of life has also been noted in postintroduction evaluations in low-and middle-income countries, 19, 24 although high effectiveness beyond infancy was maintained in some countries like the United States. 19, 23, 26, 28 Ongoing surveillance and vaccine effectiveness evaluations are underway in South Africa to address this issue. The overall impact of rotavirus vaccine in reducing the rotavirus disease burden will nevertheless be substantial in countries like South Africa, where most severe disease occurs in infancy and even if there is waning of protection in the second year of life.
Although data from South Africa may not be directly applicable to all settings in Africa, it does provide an indication of the potential benefits that a rotavirus vaccine can have in an African setting with high levels of poverty (25% of adults unemployed) and high under 5 mortality rate (51/1000 births in 2009), similar to many other countries in sub-Saharan Africa. 29 In addition, these data are the first on vaccine impact in a high HIV prevalence setting (antenatal HIV prevalence 30.2% in 2010 and HIV prevalence among 0-4 years 3.3%, among 0-18 months 2.9% in 2008). 29 There are limitations to our evaluation. Our surveillance program began in April/May 2009, so we used only May-December 2009 period for our baseline burden estimate. The numbers of enrolled children testing rotavirus positive at DGMH are similar to the median of the 2005 to 2008 prevaccine years at that site, suggesting that the 2009 season was a typical rotavirus prevaccine year and providing further reassurance that using 2009 data from the other 2 sites as the prevaccine estimate is a reasonable approach. 13 Furthermore, although the absolute numbers of rotavirus hospitalizations in May-December would be lower than if we were able to capture the full calendar year, our percent reduction estimates in rotavirus hospitalizations should be similar. Administrative data on the number of diarrheal hospitalizations among children <5 years (but not finer age groups) were available at all 3 sites, but these data were of variable quality. For the age-specific estimates of rotavirus hospitalizations, we assumed that the age distribution among patients not enrolled into the surveillance program was similar to that among those enrolled. If this were not the case, our age-stratified estimates of total rotavirus hospitalizations could be biased. Nonetheless, at each site, the data available among children <5 years support a substantial reduction in rotavirus hospitalizations. The hospital administrative data suggest that a lower proportion of children hospitalized for diarrhea were enrolled into the surveillance program in 2011. It is likely that this is at least in part the result of reduced numbers of children being approached for enrolment. Additional possible contributing factors could be changes in patient presentation patterns with more patients being admitted at night and over weekends, shorter overnight stays such that some children were discharged before being approached by surveillance staff for enrollment, and increased refusals among those approached. If the rotavirus detection rate among nonenrolled children differed from those of enrolled children, this could have introduced bias into our study. Unfortunately, no data on the characteristics of eligible children who could not be enrolled were available. Finally, subdistrict administrative data were used for estimates of vaccine coverage, which are unlikely to be as accurate as vaccine coverage surveys as individuallevel vaccination status data are not available. However, the coverage estimates among infants based on the administrative data are close to that expected based on the timing of vaccine introduction, and administrative data are more promptly available than coverage surveys. 17, 24, 25 Data presented in this study are ecological and thus other factors that could affect trends in overall diarrhea and rotavirus hospitalizations should be considered. If there had been improved outpatient management, changes in hospital admission criteria, care-seeking behavior or reduced disease severity in 2010 and 2011 compared with 2009, these may have reduced the number needing hospitalizations. Data on outpatient management of patients with diarrhea are not available, but we were not aware of any such changes implemented at clinics and hospitals in the surveillance sites. During the study period there were improvements, however, in management of HIV-infected women and children, including Prevention of Mother to Child Transmission Programs and an increase in the number of HIVinfected children initiated on antiretroviral treatment. Improving the health status of HIV-infected children would be expected to reduce the number of children needing hospitalization for diarrheal illness. 29 Our conservative estimates of rotavirus reductions (reductions above those for rotavirus-negative cases) help account for potential nonvaccine effects. Additionally, 2 findings from our surveillance program strongly support that rotavirus vaccine has impacted rotavirus disease. First, the 2010 and 2011 rotavirus seasons in South Africa, which began approximately 9 months and 22 months, respectively, after vaccine introduction, were delayed in onset and shorter in total duration compared with the prevaccine 2009 season. The change in timing has been detected in other countries after vaccine introduction. 16, 28, 30, 31 Second, after vaccine introduction, the age distribution of children testing rotavirus positive increased whereas the distribution for those testing rotavirus negative did not change. This, too, is an expected early finding after introduction of an effective rotavirus vaccine administered in infancy. 32 Neither of these 2 findings would occur with interventions that reduce the overall burden of diarrhea hospitalizations but not specifically target rotavirus disease.
Using the estimated number of annual rotavirus hospitalizations in children <2 (17, 630 ) from a South African research group, 9 we can estimate the number of rotavirus hospitalizations prevented in children age <2 years using the percent reductions from our evaluation ( Table 2 ). The most conservative estimate would be using the rotavirus reduction that is above the rotavirus-negative reduction for children <2 (56%-19% = 37% reduction in 2010; 60%-20% = 40% reduction in 2011), which yields 13,686-19,737 fewer rotavirus hospitalizations in the 2-year period among children<2 years. A high estimate would be using only the rotavirus reduction without subtracting the rotavirus-negative change, yielding 20,466 to 29,730 fewer rotavirus hospitalizations in the 2-year period in this age group.
In conclusion, our data support that rotavirus hospitalizations have decreased substantially among South African infants in the 2 consecutive seasons 2010 and 2011 after vaccine introduction in August 2009. Due to variability between the years, continued surveillance is required to fully ascertain the impact of the rotavirus vaccine. Particularly, it will be important to measure vaccine effectiveness in children aged 12-23 months to assess for any potential waning of immunity as well as ascertain that there is no shift of severe disease to older age groups because of transient protection conferred by vaccination. The reductions in rotavirus hospitalizations over the 2 postvaccine rotavirus seasons in South Africa and consistent reductions in findings published by other countries 7, 28, 31, 33 provide sufficient evidence that rotavirus vaccine implementation needs to be extended to more African countries to reduce the burden of childhood diarrhea.
